Total of 40 crossbred ewes were divided into five treatment groups (8 ewes each). Ewes in the first group (G1) represented the control ewes which were allowed for natural mating. The control ewes were exposed to fertile ram from the contemporary to that of treatment groups start time up to the end of the breeding season (end of September) and natural mating was applied for those coming in estrus. Ewe in the other four treatment groups G2, G3, G4 and G5 treatment groups were inserted with 20 mg sponges for 11 days, and ewes in G2 were injected with 300 IU PMSG on the Day 11 (sponge withdrawal), ewes in G3 the same treatment of G2 but injected with 1 ml progesterone (Lutone) before the sponge withdrawal with 24 h (Day 10), ewes in G4 after sponge withdrawal teaser introduce ram kept until artificial insemination was done. Ewes in G5 the same treatment of G4 but injected with 1 ml progesterone (Lutone) before the sponge withdrawal with 24 h (Day 10). Ewes in all treatment groups were artificially inseminated twice 48 and 56 hr after the sponge removed with fresh diluted semen. Blood samples were taken during treatment period for P4 assay.
INTRODUCTION
Estrus synchronization of ewes has been accomplished using several methods with various degrees of success. Synchrony of estrus following the most traditional methods is not precisely enough to enhance first-cycle pregnancy and lambing rates (Abdullah et al., 2002) . The most widely used protocols are based on the use of intravaginal progestagen-releasing pessaries and eCG or PMSG at pessary withdrawal (Wheaton et al., 1992) .
Although about 90% of ewes express estrus, approximately 50% become pregnant and lamb from mating at induced estrus using such protocols. The remaining percentage of ewes do not become pregnant even though they display estrus, ovulate and are mated .
The most widely used protocol was based on the use of intra-vaginal progestagen sponges inserted for 12 to 14 days followed by eCG/PMSG at sponge removal and ram introduction for mating (Husein and Hamit, 2005) . PMSG treatment reduces the interval between the onset of estrus and ovulation (Dogan and Nur, 2006) . One dose of PMSG can stimulate follicular development and higher ovulation rate in ewes (Koyuncu and Ozis, 2010) . Therefore, PMSG can increase pregnancy and twinning rates in breeds characterized (Boscos et al., 2002) .
Combination of PMSG and P4 impregnated intravaginal devices causes readily estrus synchronization (Romano, 2004) . Also, ram can stimulate gonadotropin secretion and ovulation of ewes through chemosensory cues due to the pheromones present in the ram's wool. Ram leads to a rise of the LH concentration in females within a few minutes and later to an increased LH pulse frequency, which is a prerequisite for this method can improve the efficacy of estrus synchronization or induction as well. In this respect, Jordan (2005) reported that introduction of rams to ewes induced ovulation, and this method is referred to as the ram or male effect. This effect allows induction breeding during anestrus and produce some of synchrony of cycle among the ewes in flock (Chanvallon et al, 2008) .
The use of progestagen priming also prevents the occurrence of short luteal phases (SLPs). progesterone (20 mg) administered in a single treatment when rams are introduced has been reported to result in a peak in estrous behavior 18 to 20 days after introduction of the rams (Oldham et al., 1985) . If progesterone is substituted with a single dose of 2.5 mg of medroxy progesterone (MAP), the estrus peak is delayed by at least 72 h (Rodriguez et al., 1992) .
The objective of this study is to determine the effects of intra-vaginal sponge removal with PMSG injection with or without progesterone (Lutone) one day before and/or introducing ram, on synchronization of estrus and ovulation, subsequently on fertility of ewes during September breeding seasons to improve and increase lamb crop production/ewe.
MATERIALS AND METHODS
This study was carried out at Sakha Animal Production Research Station belonging to Animal Production Research Institute in cooperation with Department of Animal Production, Faculty of Agriculture, Mansoura University, Egypt.
Animals and experimental groups:
Total of 40 crossbred ewes (1/2 Rahmani x 1/2 Finish Landrace), having 45-50 kg live body weight (LBW) and 3-4 years old, were used in this study. The experimental animals were housed in semi-open sheds in treatment groups. Ewes were fed concentrate feed mixture and roughages according to NRC requirements (NRC, 1984) .
Ewes were divided into five treatment groups (8 ewes each) according to age, body weight and physiological condition. Ewes in the first group (G1) represented the control ewes which were allowed for natural mating. The control ewes were exposed to fertile ram from the contemporary to that of treatment groups start time up to the end of the breeding season (end of September) and natural mating was applied for those coming in estrus. Each ewe in the other four treatment groups (G2-G5) was treated with 20 mg Cronolone vaginal impregnated sponges (Flurgestone acetate, FGA; Intervet International B.V. Boxmeer-Holland). The sponge was intra-vaginally inserted for 11 days. However, ewes in treatment groups differed according to protocol of each group as followed: 
Semen dilution and artificial insemination:
Ewes in all treatment groups responded to estrus were artificially inseminated with fresh diluted semen. Semen was collected and diluted just before insemination. Tris-yolk extender was used for the extension of fresh semen according to Salamon and Maxwell (1995) at a rate of 1 part semen : 4 part extender (300x100 6 sperm/ml).
The extender was gently shacked and warmed up to 37 o C using a waterbath before semen dilution. Immediately after semen collection the volume was measured and a liquor of raw semen was taken for determination of sperm motility according to the method described by Bane (1982) . Insemination was carried out using a simple inseminating pipette with fine blunt bent end and a vaginal speculum. Semen was deposited into the cervix as far as possible (about 1 cm).
Blood sampling:
Blood samples were taken via the jugular vein from all ewes in each group into evacuated hetparinized tubes (10 ml). Sampling started 4 days before each experiment and continued as follows: G1 control group: taken twice weekly from the beginning up to the end of day of the experimental. However, G2, G3, G4 and G5: On days 0 (insert sponge), 6, 9, 10, 11, 13 (AI), 14 and 43 day. Just after sampling, the blood samples were separated to obtain plasma by centrifugation of blood at 2500 rpm for 15 min. Plasma was packed in labeled plastic tubes and stored at -20 o C until assayed later for progesterone concentration.
Progesterone hormone assay:
Quantitative determination of progesterone in plasma samples was carried out using progesterone radioimmunoassay kit (catalog No. 1188 manufactured by Immunotech, France). The assay is based on competition reaction (Bojanic et al., 1991) .
Statistical analysis:
Data were analyzed using SAS (2000), GLM analysis of variance (ANOVA). Duncan Multiple Range test (Duncan, 1955) was used to get the mean separations between the experimental groups.
RESULTS AND DISCUSSION
Changes in live body weight of ewes:
Results in Table ( 1) show no significant differences in LBW of ewes among the experimental groups during breeding season, and pre-and postlambing. During the interval from breeding season (September) to prelambing, LBW of ewes showed marked increase in all groups due to incidence of lambing in some individuals, then decreased to nearly similar weights post-lambing in all groups, except for those in the control group, being heavier than that during breeding season because small number of ewes were pregnant as compared to other groups. These findings indicated no effect of different treatments on LBW of ewes during breeding season or pre-and post-lambing. 
Estrous activity of ewes in treatment groups:
Estrous activity including rate, onset and duration of estrus of ewes in treatment groups are shown in Table ( 2) . Results show that all ewes (100%) in each treatment group responded to treatments and exhibited estrus signs reflecting no significant effect of treatments on estrous rate of ewes during the breeding season. Similar results were reported by Nasser et al. (2012) who found that estrous response of Dammar ewes treated with CIDR for 12 days + eCG or 6 days + eCG was 100% for both treatments. However, Kasikci et al. (2011) reported that lower estrous response of Tahirova ewes treated with whole sponge (20 mg), halved sponge (10 mg), whole sponge + 600 IU eCG, whole sponge + 300 IU eCG, halved sponge + 600 IU eCG and halved sponge + 300 IU eCG, being 91, 96, 86, 96, 98 and 94%, respectively. Onset of estrus was significantly (P<0.05) the latest with the longest duration (P<0.05) in ewes of G5, while those in G2 showed an opposite trend. Such results indicated that P4 treatment in G3 with sponge + PMSG and in G4 with sponge + ram effect or using ram instead of PMSG treatment resulted in slightly delayed estrous incidence and prolonged estrous duration (Table 2) .
In nearly agreement with the present results regarding onset of estrus, Nasroallah et al. (2012) reported that onset of estrus of Kermani ewes from sponge withdrawal was 34.6, 31.6, 3.4 and 32.7 h for CIDR + eCG, sponge + eCG, CIDR and sponge, respectively. Also, Zonturlu et al. (2011) showed that duration of estrus from remove sponge of Awassi ewes was 24.4 h for ewes treated with sponge + (300 IU) PMSG. In comparable with the present results, Azmil et al (2011) found that onset of estrus of Cameron hair sheep + Thailong Tailwool sheep from sponge withdrawal was 60.8, 46.3, 49.5 and 43.7 h for ewes treated with CIDR (11 d), CIDR (11 d) + PMSG, CIDR (13 d) and CIDR (13 d) + PMSG, respectively. The obtained values of estrous duration in the current study was longer than that reported by Dogan and Nur (2006) on Kivricik ewes (22.5 h) treated with sponge + PGF2α and shorter than that recorded by Azmil et al. (2011) on Cameron hair sheep + Thailong tailwool sheep treated with CIDR (11 d), being 29.50 h.
Reproductive performance of ewes:
Results in Table ( 3) show that only 50% of ewes exhibited estrous activity in control ewes during September breeding season versus 100% in all treatment groups with significant differences (P<0.05).
Results also show that lambing rate was significantly (P<0.05) the highest in G1 (4/4, 100%), lowest in G3 and G4 (5/8, 62.5%) and moderate in G2 and G5 (6/8, 75%, Table 3 ). Although ewes in G3 showed lowest values of lambing rates (62.5%), they produced the highest number of lambs, reflecting significantly (P<0.05) the highest fecundity and twining rates (112.5% and 1.80 lamb /ewe) due to the greatest number of twins as compared to other treatment and control groups (Table 4) . The obtained conception rate in this study is comparable with the results obtained by Simonetti et al. (2002) in Merino ewes in 400 IU PMSG (60%). Also, lambing rates presented in this study are in agreement with earlier reports which showed that the types of estrous synchronization have relatively less suppressive effects on LH secretion than the CL secreted P4 and are associated with high LH pulse frequency and development of "persistent follicles" containing aged oocytes. These effects are transitory and fertility at the following estrus is normal (Mapletoft et al., 2002) . It has also been reported that P4, particularly if used in conjunction with PMSG is of value in synchronizing estrus for precisely planned artificial insemination. Gonadotrophins could be used in conjunction with injectable progesterone to improve conception rates.
In accordance with the present results of twining rate, Ince and Karaca (2009) reported that the litter size of in Chio×Kivircik ewes was1.33 and 1.39 for 400 and 500 IU PMSG, respectively. However, higher values were reported by Simonetti et al. (2002) , who reported an average litter size of 1.45 in Merino ewes treated with 400 IU PMSG. These variations are depending on various factors such as breed, age, time and dose of PMSG administration (Dogan and Nur, 2006) . Salehi et al. (2010) reported that the different sheep breeds have been identified as a major source of variation in the superovulatory response. PMSG, when injected immediately after the removal of sponge increased the rate of ovulation hence, increasing multiple births and litter size (Akoz et al. 2006) , which may explain the highest fecundity and twining rates in G2 and G3 used PMSG to induce ovulation as compared to the ram effect in G4 and G5.
Live body weight of produced lambs:
Data presented in Table ( 5) showed that the differences in average LBW of lambs at birth between all treatment groups and the control one were not significant, but lambs produced from ewes in G4 and G5 tended to be lighter than those of other groups. The significant (P<0.05) differences were recorded among groups at weaning. Only lambs in G3, G4 and G5 were significantly (P<0.05) lighter than the control lambs. The same trend was recorded for average LBW of lambs at birth and weaning among groups based on sex and type of birth (Table 5) . In general, lamb body weight gains until weaning reflect milk production ability of their dams (Snowder and Glimp, 1991) . Therefore, treatment of G3, G4 and G5 may affect milk production of ewes in these groups.
Progesterone profile:
Data illustrated in Fig, (1) indicated that all pregnant ewes in the control group showed ovarian activity starting nearly one week prior to breeding season, whereas P4 level ranged between 4.306 to 12.230 ng/ml in pregnant versus less than 0.5 ng/ml in non-pregnant ewes during the transit period.
In G2, P4 concentration was higher in pregnant than in non-pregnant ewes during sponge insertion, reduced in both after sponge removal, but increased thereafter in pregnant indicating ovulation and lambing incidence,. However, in non-pregnant ewes sustained anestrus during the same interval post-AI, because P4 level still to be lower than 1 ng/ml during the same interval (Fig. 2) . In G3, P4 concentration was higher in pregnant than in nonpregnant ewes during sponge insertion. P4 injection increased P4 level in both pregnant and non-pregnant ewes, but P4 reduced in pregnant and increased in non-pregnant with sponge removal. This means delaying in CL regression in non-pregnant as compared to pregnant ewes, which may affect time of ovulation (Fig. 3) . These results may suggest that P4 injection one day before sponge removal and PMSG injection had negative effect on ovulation of ewes in G3 as compared to G2.
Remove +PMSG It is of interest to note that P4 concentration in pregnant and nonpregnant ewes of G4 showed similar trend of changes during sponge insertion, but was higher in pregnant than in non-pregnant ewes. However, post-AI P4 gradually increased in pregnant, but showed slight reduction in non-pregnant ewes and then increased in pregnant than in non-pregnant ewes. Such finding may suggest early embryonic loss in non-pregnant ewes due to reducing the priming effect of P4 on previously affected endometrium of non-pregnant ewes. Such results may indicate positive effect of ram on incidence of ovulation of ewes in this group (Fig. 4 ). Progesterone priming for as little as 2 days is sufficient to ensure normal luteal function in sheep, but the final stages of follicular growth normally require about 4-5 days (Mcleod and Haresign, 1984) . Fig. (4) : Changes in P4 concentration in pregnant and non-pregnant ewes in G4 during treatment period. It is worthy noting that P4 concentration increased in both pregnant and non-pregnant ewes after P4 injection one day before sponge removal, being higher in non-that in pregnant ewes (Fig. 5) . The observed rise in P4 concentration was higher than that observed in G4 without P4 injection (Fig.  4) . The use of progestagen priming prevents the occurrence of short luteal phases. In accordance with the present results, Oldham et al. (1985) found that P4 administered (20 mg) in a single treatment when rams are introduced has been reported to result in a peak in estrous behavior 18 to 20 days after introduction of the rams. Such results may indicate that P4 injection one day before and ram introducing with sponge removal with positively affect ovulation synchrony and Lambing of ewes in G5.
The foregoing results indicated that the progestagen-based intravaginal sponge treatments are the most appropriate hormonal technique for sheep fertility control. In cyclic females acts by suppressing the preovulatory pituitary release of gonadotropins and, therefore, follicular growth and ovulation. After withdrawal of the progestagen source, the increasing amounts of gonadotropin released lead to estrus and ovulation. The progestagen must be supplemented with PMSG to induce follicular growth, estrus and ovulation; the dose of PMSG must be adapted to breed, season, flock, age and physiological status of the animals (Neils, 1997) . Moreover, according to the present results, introducing ram with sponge removal with or without P4 injection one day before removal improve synchronization of estrus and ovulation of cyclic ewes during breeding season.
In conclusion, the findings of the present research indicate that primary P4 and PMSG is a beneficial adjunct to the breeding of sheep by AI at progestagens-synchronized estrus and administration of 300 IU PMSG after sponge withdrawal is more effective for increasing the reproductive performance of artificially inseminated crossbred ewes in breeding season. 
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